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METHOD AND SYSTEM FOR MONITORING 
PLASMA USING OPTICAL EMISSION 

SPECTROMETRY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/682,017 by Neal R. Rueger and 
Kevin Hamer, entitled “Method and System for Monitoring 
Plasma Using Optical Emission Spectrometry,” ?led on Oct. 
9, 2003, incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This present invention relates generally to the ?eld 
of integrated circuit manufacturing and, more speci?cally, to 
the monitoring of plasma used in the manufacture of inte 
grated circuits. 

[0004] 2. Description Of The Related Art 

[0005] This section is intended to introduce the reader to 
aspects of the art that may be related to various aspects of the 
present invention, Which are described and/or claimed 
beloW. This discussion is believed to be helpful in providing 
the reader With background information to facilitate a better 
understanding of the various aspects of the present inven 
tion. Accordingly, it should be understood that these state 
ments are to be read in this light, and not as admissions of 
prior art. 

[0006] In the manufacturing of integrated circuits, numer 
ous microelectronic circuits may be simultaneously manu 
factured on a semiconductor substrate. These substrates are 
usually referred to as Wafers. A typical Wafer is comprised 
of a number of different regions, knoWn as die regions. 
When fabrication is complete, the Wafer is cut along these 
die regions to form individual die. Each die contains at least 
one microelectronic circuit, Which is typically replicated on 
each die. One example of a microelectronic circuit Which 
can be fabricated in this Way is a dynamic random access 
memory. 

[0007] Although referred to as semiconductor devices, 
integrated circuits are in fact fabricated from numerous 
materials of varying electrical properties. These materials 
include insulators or dielectrics, such as silicon dioxide, and 
conductors, such as aluminum, tungsten, copper, and tita 
nium in addition to semiconductors, such as silicon and 
germanium arsenide. By utiliZing these various materials, 
the various transistors, gates, diodes, vias, resistors, and 
connective paths comprising the integrated circuit may be 
formed. Because of the complexity, both in materials and in 
design, incorporated into integrated circuits, the integrated 
circuit can be designed to perform a variety of functions 
Within a limited space. 

[0008] In manufacturing these complex integrated cir 
cuits, plasmas may be generated and used to facilitate 
different aspects of the process. For example, plasmas may 
be used to facilitate the deposition of one or more of the 
layers comprising the integrated circuit. In particular, 
plasma enhanced chemical vapor deposition (PECVD) may 
be used to deposit layers or ?lms of silicon nitride (SiNX), 
silicon dioxide (SiOX), silicon oxide nitride (SiOXNX), as 
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Well as metals, such as titanium, and metal-containing ?lms, 
such as titanium nitride (TiN). In addition, plasmas may be 
used to facilitate the etching of ?ne structures in a layer of 
material on a substrate. 

[0009] In addition to depositing the desired materials as 
layers on the substrate, the deposition process may result in 
layers of material being deposited on the exposed surfaces of 
the deposition chamber. If left to accumulate, the materials 
deposited on the surfaces of the chamber may eventually 
chip or “spall” off as particles or ?akes Which can contami 
nate future deposition processes. Therefore, a plasma may 
also be used to clean or etch the chamber surfaces periodi 
cally to prevent accumulations of the deposited materials on 
the chamber surfaces. 

[0010] The plasma itself is a partially ioniZed gas com 
prising highly reactive radicals and ions. The highly reactive 
radicals and ions comprise the reactive species needed to 
perform the desired deposition, etching, or cleaning pro 
cesses and are typically generated from the disassociation of 
precursor molecules. Examples of precursor molecules 
include, but are not limited to, silane (SiH4), germane 
(GeH4), ammonia (NH3), phosphine (PH3), nitrogen tri?uo 
ride (N133), titanium chloride (TiCl4), tantalum chloride 
(TaClS), molybdenum hexa?uoride (MoF?), tetraethyl ortho 
silicate (TEOS) (Si(OC2H5)4) and tungsten ?uoride (W136). 

[0011] In a deposition context, the reactive radicals and/or 
ions generated from the disassociation of the precursor may 
interact With a substrate surface, such as a Wafer, to from a 
layer of solid material on the surface. For example, silane or 
tetraethyl orthosilicate are precursors Which, in conjunction 
With oxygen, may be used to deposit silicon dioxide on a 
substrate. By contrast, in an etching or cleaning context, the 
reactive radicals and/or ions generated from the disassocia 
tion of the precursor may interact With deposited material to 
break doWn the deposited material into various gaseous 
byproducts Which may then be ?ushed from the reactor. For 
example, nitrogen tri?uoride is a precursor Which, upon 
disassociation, is effective at etching or removing silicon 
dioxide. 

[0012] The plasma to be used in these processes may be 
generated by various means. For example, a plasma may be 
generated by applying sufficient voltage, typically an AC or 
RF voltage, betWeen tWo electrodes. Alternately, micro 
Waves may be used to generate the plasma by heating the 
electrons of the precursor, thereby inducing atomic colli 
sions Which lead to precursor disassociation and plasma 
formation. Amagnetron may be used to generate the micro 
Wave energy used to produce the plasma. 

[0013] The successful generation of the plasma during the 
processes discussed above may be determined by an optical 
detector positioned in a vieWport or WindoW of the appli 
cator. In particular, the optical detector may measure light 
emission Within the reactor and, based on some threshold, 
may thereby determine if a plasma has been formed. HoW 
ever, in some instances, it has been found that the detector 
threshold may be exceeded, thereby indicating the presence 
of a plasma, When the plasma is insufficient or inadequate for 
the desired task. For example, a precursor may be suf? 
ciently disassociated to register as a plasma, but insuf? 
ciently disassociated to actually perform the desired func 
tion, such as deposition, etching, or cleaning. Such an 
unsuitable plasma may arise due to magnetron tube age, 
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deterioration in a microWave-based system, or electrode 
fouling in a RF or voltage system. 

[0014] Regardless of the cause of the plasma de?ciency, 
hoWever, the failure of the optical detector to Warn of an 
unsuitable plasma may lead to Wasted time and/or resources 
if the failure of the plasma facilitated processes is not 
otherWise recogniZed. In particular, the optical detector may 
fail to detect the unsuitability of the plasma for an inde?nite 
period before the plasma quantity or quality deteriorates 
beloW the con?gured threshold to generate an error or 
Warning message. It is therefore desirable to determine more 
accurately When a plasma is unsuitable to facilitate a desired 
process, such as a deposition, etching, or cleaning process, 
and thereby to minimiZe the problems arising due to the 
plasma de?ciency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Advantages of the invention may become apparent 
upon reading the folloWing detailed description and upon 
reference to the draWings in Which: 

[0016] FIG. 1 illustrates an exemplary remote plasma 
cleaning subsystem in accordance With the present tech 
nique; 

[0017] FIG. 2 illustrates a ?oWchart of a procedure for 
monitoring precursor disassociation generated in accordance 
With the present technique; and 

[0018] FIG. 3 illustrates optical emission spectra of dis 
associated and associated NF3 in accordance With the 
present technique. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0019] One or more speci?c embodiments of the present 
invention Will be described beloW. In an effort to provide a 
concise description of these embodiments, not all features of 
an actual implementation are described in the speci?cation. 
It should be appreciated that in the development of any such 
actual implementation, as in any engineering or design 
project, numerous implementation-speci?c decisions must 
be made to achieve the developers’ speci?c goals, such as 
compliance With system-related and business-related con 
straints, Which may vary from one implementation to 
another. Moreover, it should be appreciated that such a 
development effort might be complex and time consuming, 
but Would nevertheless be a routine undertaking of design, 
fabrication, and manufacture for those of ordinary skill 
having the bene?t of this disclosure. 

[0020] Integrated circuitry, in one form or another, is 
present in substantially all consumer, commercial, and 
industrial electronic devices. For example, microprocessors, 
memory circuits, control circuits, video processors, and so 
forth, are examples of integrated circuits Which may be 
present in display devices, such as televisions, monitors, 
computers, pagers, cellular telephones, personal digital 
assistants, entertainment systems, gaming consoles, motor 
vehicles, inventory tracking systems, registers, medical 
diagnostic equipment, and so forth. The integrated circuits 
themselves typically comprise one or more semiconductor 
devices that provide the functionality of the integrated 
circuit. 
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[0021] The semiconductor devices are typically dies fab 
ricated by applying assorted deposition and etching pro 
cesses to a silicon Wafer substrate. The proper functioning of 
the semiconductor device, therefore, typically depends upon 
the integrity and purity of the layers comprising the device. 
Consequently, inadvertent contamination during deposition, 
incomplete etching, and/or incomplete deposition of one or 
more of the deposited layers may lead to defective semi 
conductor devices and to reduced yields from the fabrication 
process. 

[0022] In the case of contamination, failure of the periodic 
cleaning process may alloW a residue composed of the 
deposition material or materials to build up on the exposed 
surfaces of the deposition chamber. The deposition residue 
may eventually spall off as chips, ?akes, or particles in 
response to the mechanical stresses generated by thermal 
cycling Within the chamber and the continued accretion of 
the residue. The chips, ?akes, or particles may contaminate 
layers or ?lms subsequently deposited on Wafer substrates 
Within the uncleaned deposition chamber, causing defects in 
the circuit patterns on Wafers processed in the chamber. 

[0023] For example, high density plasma chemical vapor 
deposition (HDP-CVD) may be used to deposit dielectric 
thin ?lms, such as silicon dioxide (SiO2) and/or silicon 
nitride (Si3N4), on a Wafer substrate situated in a deposition 
chamber. In addition to being deposited on the Wafer sub 
strate, the SiO2, Si3N4, and/or other dielectric material may 
be deposited on the exposed surfaces of the deposition 
chamber. The residual materials deposited on the deposition 
chamber surfaces may be removed by a remote plasma 
cleaning subsystem 10, as depicted in FIG. 1, thereby 
preventing or minimiZing contamination by particles of the 
residue material. 

[0024] The remote plasma cleaning system 10 provides 
periodic in situ cleaning of the deposition chamber 12 using 
disassociated nitrogen tri?uoride (NF3). The NF3 is disas 
sociated by a plasma into charged and neutral species, 
including N, F, and NFX, in an applicator 14 that is composed 
of a dielectric material, such as sapphire or ceramic. The 
applicator 14 is connected to the deposition chamber 12 by 
a transport tube 16 that alloWs gaseous particles to travel 
from the applicator 14 to the deposition chamber 12. 
Because the plasma is generated and maintained in the 
applicator 14 and because ions, i.e., charged species, quickly 
react to form neutral byproducts, primarily neutral species 
traverse the transport tube 16 to reach the deposition cham 
ber 12. These neutral species include ?uorine radicals 18, 
i.e., atomic ?uorine, Which react With residual SiO2 and/or 
Si3N4 to form gaseous silicon tetra?uoride (SiF4), hydrogen 
?uoride (HF), ?uorine (F2), nitrogen (N2), and oxygen (O2), 
Which may be ?ushed from the deposition chamber 12. 
Because the plasma is generated and maintained in the 
applicator 14 and the cleaning process occurs in the depo 
sition chamber 12, the process is knoWn as a remote plasma 
cleaning processing. 
[0025] The high density plasma is generated and main 
tained in the applicator 14 by the application of microWave 
energy Within the applicator 14. The microWave energy may 
be generated by a magnetron head 20 poWered by a poWer 
source 22. A Waveguide 24 directs the microWave energy 
from the magnetron 20 to the applicator 14. A circulator/ 
isolator 26 protects the magnetron head 20 from re?ected 
poWer during plasma ignition Within the applicator. 
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[0026] Traditionally, to determine the presence of the high 
density plasma in the applicator 14, an optical emission 
detector Would be employed at a vieWport 28 to measure 
light emission. HoWever, as discussed previously, light 
emission alone may not be suf?cient to determine if 
adequate NF3 disassociation has occurred. For example, a 
faulty magnetron tube may provide suf?cient microWave 
energy to generate enough plasma to produce measurable 
light emissions, but not enough to disassociate the NF3. In 
such a case, fault or error Warning systems relying upon an 
optical emission detector may fail. In this manner, traditional 
processes based on optical emission detection alone may 
provide no Warning that NF3 disassociation is not occurring, 
resulting in increased contamination during die fabrication 
and consequently loWer yields. 

[0027] To address this de?ciency, a spectrum, such as an 
optical spectrum, may be generated from emissions associ 
ated With the plasma and/or precursor to determine if 
precursor disassociation has occurred. For example, refer 
ring to FIG. 2, plasma may be generated in a plasma 
chamber, such as in the applicator 14, as depicted by the 
plasma generation block 40. The plasma is then used to 
disassociate one or more precursors, as depicted by the 
disassociation block 42. As depicted by the acquisition block 
44, emissions, such as optical emissions, are acquired from 
the plasma chamber. One or more spectra may then be 
generated from the emissions, such as by an optical spec 
trometer, as depicted at the spectrum generation block 46. 
Based upon the one or more spectra, the plasma-based 
process is either terminated and an operator noti?ed of an 
error condition, as depicted by termination block 48, or the 
process is alloWed to proceed, as depicted by reaction block 
50. 

[0028] The decision to terminate or proceed, as depicted 
by the decision block 52, may be based upon the character 
istics of a spectrum or spectra generated in this manner. The 
decision may be based upon Whether all or part of the 
spectrum or spectra coincide, Within certain tolerances, With 
an expected or reference spectrum. In particular, character 
istic signatures, such as peaks indicating the presence of 
reactive species, may be measured and/or compared. For 
example, the amplitude of a peak corresponding to ?uorine 
radicals 18 may be measured and, if outside a desired 
tolerance, such as a 5% or 10% deviation, the decision may 
be made to proceed to terminate the process or notify the 
operator, as depicted at termination block 48. Conversely, 
the amplitude of a ?uorine radical peak Within the desired 
tolerance may indicate that disassociation of the precursor 
has occurred in the plasma chamber and, therefore, that a 
suitable plasma has been generated by generation block 40. 
The process may therefore be alloWed to proceed, as 
depicted by reaction block 50. 

[0029] While the present technique may be useful in 
determining the ef?cacy of plasma generation in a remote 
plasma cleaning system, it is equally applicable to remote 
etching or deposition processes. Furthermore, to the extent 
that the emissions are detectable in a deposition chamber, 
either via a probe or a vieWport 28 transparent to the desired 
Wavelengths, the present technique may also be employed in 
direct plasma processes, i.e. processes in Which the plasma 
is generated in the same chamber as the deposition, etching, 
or cleaning event occurs. Any suitable form of spectroscopy, 
such as optical, near infrared, or Raman, may be employed 
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provided that suitable emissions are obtainable and the 
reactive species to be detected generate a characteristic 
signature in the generated spectra. 

[0030] For example, returning to FIG. 1, a ?ber optic 
cable 54 or other emission conductive medium may be 
mounted to the vieWport 28. Optical emissions from the 
applicator 14 may then be directed to an optical spectrom 
eter 56 via the optical cable 54. Within the optical spec 
trometer 56, the optical emission may be run through a 
diffraction grating to split the light into an interference 
pattern or otherWise analyZed to generate optical spectra, 
such as the spectra depicted in FIG. 3. The optical spectra 
obtained from the optical spectrometer 56 may be used, as 
described above, to determine a failure condition in the 
cleaning and/or etching process associated With the plasma 
generation and/or the disassociation of NF3. 

[0031] Examples of spectra Which may be obtained by the 
present techniques are depicted in FIG. 3. For example, the 
?rst spectrum 60 is generated from optical emissions 
acquired from an applicator 14 in Which a suitable plasma is 
generated and NF3 disassociation has occurred. The vertical 
axis of the spectrum 60 is intensity, Which may be an 
arbitrary unit, such as incidence or data counts, While the 
horiZontal axis is Wavelength, 7», measured in nm. In the ?rst 
spectrum 60, N2 and N; peaks are present betWeen approxi 
mately 300 nm-525 nm and comprise a characteristic sig 
nature, as discussed above. 

[0032] The second spectrum 62, hoWever, is generated 
from optical emissions measured from an applicator 14 in 
Which a suitable plasma Was not generated and NF3 disas 
sociation has not occurred. Therefore, as one might expect, 
the signature associated With N2 and N; is absent. Further 
more, the optical emission intensity of the second spectrum 
62 is one-third that of the ?rst spectrum 60. Though the 
second spectrum 62 is clearly indicative of a disassociation 
failure, the light emissions alone, as might be acquired by an 
optical detector mounted at the vieWport 28, may fail to 
indicate the fault condition. In particular, the optical detector 
may simply indicate the presence of plasma, Without indi 
cating the suf?ciency of that plasma With regard to precursor 
disassociation. 

[0033] The spectra obtained by the spectrometer, such as 
?rst spectrum 60 and second spectrum 62 may be displayed 
at the spectrometer 56 or on Workstation 58 or other pro 
cessor-based system in communication With the spectrom 
eter 56. An operator may, in turn, analyZe the measured 
spectrum or compare the measured spectrum to a reference 
spectrum to determine Whether suitable disassociation is 
occurring in the applicator 14. Alternatively, routines 
executed on the spectrometer 56 or Workstation 58 may be 
used to compare the intensity of the measured spectrum at 
one or more Wavelengths of interest to the reference or 
expected intensities Within a con?gured tolerance. For 
example, the spectrum or spectra may be read by an array of 
photosensitive elements, such as photodiodes, such that each 
photodiode corresponds to a Wavelength or a Wavelength 
increment. The output of the one or more photodiodes 
corresponding to the Wavelength or Wavelengths of interest 
may be converted, as necessary, into a computer readable 
format, such as by an analog-to-digital converter. The com 
parison routines may then compare the photodiode output at 
the desired Wavelengths With the reference or expected 
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output, in accordance With the techniques described herein. 
Based on the comparison, the computer executed routine 
may take no action, may recommend an action to an 
operator, and/or may terminate the cleaning process pending 
operator action or correction. 

[0034] While the invention may be susceptible to various 
modi?cations and alternative forms, speci?c embodiments 
have been shoWn by Way of eXample in the draWings and 
Will be described in detail herein. HoWever, it should be 
understood that the invention is not intended to be limited to 
the particular forms disclosed. Rather, the invention is to 
cover all modi?cations, equivalents and alternatives falling 
Within the spirit and scope of the invention as de?ned by the 
following appended claims. 

1. A plasma generating system, comprising: 

a plasma chamber con?gured to generate a plasma, 
Wherein the plasma chamber disassociates one or more 
precursors to generate the plasma; and 

a spectrometer con?gured to receive emissions from the 
plasma chamber during the formation of the plasma and 
to generate one or more spectra from the one or more 

emissions, Wherein the one or more spectra may be 
used to determine precursor disassociation. 

2. The plasma generating system as recited in claim 1, 
Wherein the plasma is used to facilitate at least one of 
cleaning a deposition chamber, etching a layer of an inte 
grated circuit, and depositing a layer of an integrated circuit 

3. The plasma generating system as recited in claim 1, 
Wherein the plasma chamber comprises an applicator in a 
remote plasma cleaning system. 

4. The plasma generating system as recited in claim 1, 
Wherein the plasma chamber is con?gured to generate a 
plasma using at least one of microWaves, AC voltage, and 
RF voltage. 

5. The plasma generating system as recited in claim 1, 
Wherein the one or more precursors comprise at least one of 

nitrogen tri?uoride, silane, germane, ammonia, phosphine, 
titanium chloride, tantalum chloride, molybdenum heXa?uo 
ride, tetraethyl orthosilicate, and tungsten ?uoride. 

6. The plasma generating system as recited in claim 1, 
Wherein the spectrometer comprises an optical spectrometer 
and the emissions comprise optical emissions. 

7. The plasma generating system as recited in claim 1, 
Wherein the spectrometer comprises one of a near infrared 
spectrometer and a Raman spectrometer. 

8. The plasma generating system as recited in claim 1, 
Wherein the spectrometer receives the emissions via a ?ber 
optic cable. 

9. The plasma generating system as recited in claim 1, 
further comprising a computer con?gured to receive the one 
or more spectra from the spectrometer. 

10. The plasma generating system as recited in claim 9, 
Wherein the computer is con?gured to compare a spectrum 
component of interest and a reference value. 

11. The plasma generating system as recited in claim 10, 
Wherein the computer is con?gured to terminate generation 
of plasma in the plasma chamber When the spectrum com 
ponent of interest deviates from the reference value by at 
least a threshold amount. 
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12. A remote plasma generation system, comprising 

a magnetron poWered by a poWer source, Wherein the 
magnetron is con?gured to generate microWaves; 

an applicator con?gured to receive microWaves from the 
magnetron via a Waveguide and to generate a plasma 
Which disassociates a precursor into tWo or more reac 

tive species; 

an optical spectrometer con?gured to receive optical 
emissions from the applicator via an optical ?ber cable 
and to generate one or more optical spectra from the 
optical emissions Which indicate the presence or 
absence of the tWo or more reactive species; and 

a deposition chamber con?gured to receive the tWo or 
more reactive species, Wherein at least one reactive 
species reacts With a material in the deposition cham 
ber. 

13. The remote plasma generation system as recited in 
claim 12, further comprising an isolator betWeen the mag 
netron and the Waveguide. 

14. The remote plasma generation system as recited in 
claim 12, Wherein the optical ?ber cable is mounted on a 
vieWport of the applicator. 

15. The remote plasma generation system as recited in 
claim 12, Wherein the precursor comprises at least one of 
nitrogen tri?uoride, silane, germane, ammonia, phosphine, 
titanium chloride, tantalum chloride, molybdenum heXa?uo 
ride, tetraethyl orthosilicate, and tungsten ?uoride. 

16. The remote plasma generation system as recited in 
claim 12, Wherein the tWo or more reactive species comprise 
at least ?uorine radicals. 

17. The remote plasma generation system as recited in 
claim 16, Wherein the material comprises at least one of 
silicon dioxide and silicon nitride. 

18. A method for determining the adequacy of a plasma, 
comprising: 

generating a plasma in a plasma chamber to attempt to 
disassociate one or more precursors in the plasma 
chamber to form tWo or more reactive species; 

acquiring optical emissions from the plasma chamber; 

generating one or more optical emission spectra from the 
optical emissions; and 

determining Whether at least one reactive species is 
present in the plasma chamber based upon the one or 
more optical emission spectra. 

19. The method as recited in claim 18, Wherein generating 
a plasma in a plasma chamber comprises applying micro 
Waves to generate a plasma in an applicator. 

20. The method as recited in claim 18, Wherein the one or 
more precursors comprise at least one of nitrogen tri?uoride, 
silane, germane, ammonia, phosphine, titanium chloride, 
tantalum chloride, molybdenum heXa?uoride, tetraethyl 
orthosilicate, and tungsten ?uoride. 


